It is hard to imagine a programme in theoretical physics in which classical electrodynamics does not play an important part. Maxwell' s equations are at the same time a paradigm example of a relativistic ® eld theory and a source of numerous applications to realistic physical problems. So it is somewhat surprising that there are rather few modern textbooks suitable for a course for postgraduate students. It may be that it is hard for a competitor to¯ourish in the shade of such excellence as J. D. Jackson's Classical Electrodynamics, still going strong 37 years after its ® rst publication. Francis Low acknowledges his debt to Jackson, but has a rather diOEerent agenda. He has taken together both electromagnetism and gravitation as the physical examples of classical ® eld theory, and treats them along parallel lines. His objective was to extend what was too much electromagnetism for a one semester course and too little for two, so as to provide material for what is taught over two semesters at MIT in their graduate programme.
The result is an impressive and thorough treatment, enriched by many excellent end-of-chapter exercises, and covering the essentials of both ® elds. It is not surprising that Low, who like Jackson, has worked extensively in particle physics, should emphasize those aspects of electromagnetism which underpin the relativistic quantum ® eld theory, which is the basis for the standard model of particle physics. No surprise either that some topics are omitted, which no doubt feature in the courses taught at some universities. An unusual inclusion is an`optional' chapter on scattering theory, including partial wave and phase shift analysis, which would be valuable for any student of high energy physics. There are other texts with a diOEerent emphasis, but they inevitably overlap in a common core.
One choice which all authors and instructors have to make is which system of units to adopt, and here the Atlantic still acts as a divide. Low uses mixed Gaussian and cgs units, whereas most, it not all, UK students would ® nd SI units more congenial. One signi® cant consequence of this is that the magnetic induction B is de® ned from the force between magnetic dipoles rather than from the Lorentz force on a moving charge. This may be historically the right way round, but it has long since been out of favour in the UK, and I prefer the alternative which is to give primacy to the Lorentz force.
The treatment of gravitation is interesting, unusual, but to my taste more problematic. Following Feynman, Gupta and Thirring, Low starts from the Newtonian theory and shows how in order to make it consistent with the special theory of relativity one is led to what turns out to be a linear approximation to Einstein's theory. Internal consistency then leads to the full nonlinear theory. This approach does illuminate aspects of general relativity which are less apparent when approached from the starting point of Einstein's equations, in the same way that electrodynamics is more clearly rooted in physical phenomena when approached from the experimental observations of Oersted, AmpeÁ re, Biot, Savart and Faraday, rather than starting with Maxwell' s equations. But there is a disadvantage, the geometrical content of Einstein's equations is understated, which is a loss for those preparing to look further into modern developments in general relativity.
In summary, this is an unusual package of two topics more often treated separately. It has many very positive features, and has clearly bene® ted from the background of the author both as an authority in research and as an experienced teacher at a world-class institution. The level is no doubt appropriate for a ® rst-year graduate course at MIT; I fear that it would probably be regarded as heavy going at most UK universities, certainly rather a rich diet for a typical ® rst-year postgraduate student.
C om plexity: Hierarchical Structures an d Scaling in Physics
By R. BADII and A. POLITI 1997, US$74.95 (hbk) , pp. xi+ 318. Cambridge University Press. ISBN 0 521 41890 9. Scope: monograph Level: postgraduates and specialist One might call it surprising that there is a mathematical theory of complexity. It is a characteristic of complex systems that their description cannot be reduced to a concise mathematical form. Furthermore, complexity occurs in a wide variety of situations. Exam ples described in the monograph by Badii and Politi include turbulent uids, optical instabilities, the genetic code and spin glasses. Despite this variety, complex systems can be classi® ed in a quantitative way. The key to such a classi® cation is the method of symbolic dynamics, in which the states of the physical system are mapped to strings of integers.
Perhaps the best-known example of a symbolic description of complex behaviour is John Conway' s game of life, which is a special case of a cellular automaton. The state of a cellular automaton, usually a one-or two-dimensional array of zeros and ones, evolves according to a small set of rules. Depending on the rule, the resulting patterns fall into several classes of increasing complexity. Cellular automata have been used to model physical systems.
The book is divided into three parts. The ® rst part gives an overview of complex behaviour in physical systems and their mathematical representation. Some sections are very brief, and may be mostly suitable as a reminder for a reader who is already familiar with the particular example. Here, as throughout the book, the very good bibliography provides an entry point to the vast literature on the subject.
The second part is much more accessible to readers new to the ® eld. Here, each mathematical concept is carefully introduced and illustrated with simple examples, before the treatment progresses to an advanced level. The authors succeed very well in presenting a large number of deep concepts from a uni® ed point of view. To mention only a few of the topics covered, this part of the book discusses entropy measures, stochastic processes, information, statistical mechanics, lattice gas models and phase transitions.
The starting point for this part of the book is a class of models known as shift dynamical systems, which are simpler than cellular automata, since the evolution rule is a shift of the entire symbolic string. Shift maps are widely used and give rise to a number of quantitative measures of complexity. An important example is the metric entropy of a chaotic system, which can be de® ned as the asymptotic rate, measured for instance in bits per second, at which information about the initial condition needs to be supplied in order to keep the ability to predict the future evolution.
The third part deals with the formal characterization of complexity. The authors describe the theory of formal languages and their application to physical systems. It is fascinating to see how concepts from theoretical computer science are directly relevant to the classi® cation of complex behaviour in physics. The remainder of the book introduces quantitative complexity measures. One chapter is devoted to measures related to algorithmic information, and the ® nal chapter discusses complexity measures in the context of hierarchical structures and scaling laws.
The authors deal only with classical, non-quantum physics, except for a paragraph at the end where they claim that`most of the tools [they] presented can be straightforwardly carried over to the study of wavefunctions'. This claim is somewhat misleading, as the problem of complexity in quantum mechanics still presents a considerable challenge for future research. This should not, however, detract from the achievements of this excellent book, which can be recommended to any graduate student or research worker interested in the symbolic approach to complex systems. Although it is more than twenty years since the ® rst edition of D'Espagnat' s book came out in 1976, he claims that the arguments he advanced in the ® rst edition are still valid; they are concerned with the philosophical implications of the foundations of quantum mechanics and the nature of the scienti® c enterprise.
The ® rst part of the book is a straightforward exposition of non-relativistic quantum mechanics, essentially as formulated by Dirac and as will be found in such classical text books as those of Messiah or Landau and Lifschitz. There follow lengthy discussions of the possibility of separating quantum systems, of hidden variables, of relating quantum phenomena to observations, all directed to the issue of whether we can accept the existence of a world independent of ourselves. The author concludes with what one might call critical realism, as opposed to naive realism, namely that there does exist a world independent of our existence as individuals and as social beings, but that our knowledge of that world is not independent of our capacities as human beings, of the things we can do in the world where we are and of the ways in which we think.
While I agree with that conclusion, I ® nd much of the discussion of the problems of quantum mechanics a little out of date. Three points seem to me to raise queries. First, the author explicitly con® nes himself to non-relativistic quantum mechanics. That at ® rst sight seems reasonable since he can still set out the basic principles such as the ® rstorder equation of evolution of a state function, or the de® nite value of the commutator of non-commuting variables. However, spin systems ® gure prominently as examples in the discussion of problems of quantum mechanics, and spin is an inherently relativistic phenomenon. How would arguments about hidden variables of complex systems of zero spin look if stated in Lorentz invariant form with a linear kinetic energy operator in the SchrÈ odinger equation? More generally, are instantaneous changes of state functions of separated systems consistent with special relativity, and would it be possible to know about them if they did occur?
A second point concerns the correspondence principle and the behaviour of classical variables. Wigner established a formal transformation between a quantum operator and a classical variable. Bohr emphasized that in the laboratory we have to make do with classical variables, not quantum operators or state functions. State functions, which are theoretical entities, do evolve linearly, but classical variables have to satisfy classical equations of motion with possibly chaotic solutions. Nowadays one would look for some discussion of chaotic behaviour, its relation to linear quantum mechanics, and how it bears on the general arguments of the book.
My third point goes furtherÐ what justi® cation have we for thinking that there is a world independent of ourselves? On the one hand it seems di cult to refute the extreme solipsist position that everything that I think I observe outside myself, the letter from the review editor asking me to review this book, the book, the computer on which I am composing this review, are all within my mind. I doubt if any practising physicist thinks like that in his laboratory. But our theories are constructs of our minds and even though it seems that they appear to represent a world outside us, what grounds do we have for thinking that that world is anything like our model? Perhaps the only answer can be the pragmatic one, that by and large those models work in practiceÐ bridges stand up, astronauts get to the Moon, very cold systems of atoms apparently form Einstein± Bose condensates.
The main part of the book is concerned with arguments about the internal consistency of quantum mechanics. That scheme is the best way we have at present of representing our observations of the natural world, but we need to be careful that we do not apply arguments about it unhesitatingly to arguments about the natural world. Some of the issues are far from new. Leibniz, for example, in the course of his controversies with Newton, insisted upon a distinction between theoretical models that reproduce our observations, and the behaviour of the underlying real world. Quantum mechanics has given new vigour to that discussion. I have queried some aspects of the approach of the book to the structure of quantum mechanics, The last two decades have seen the development of a remarkably fruitful relationship between topology and quantum ® eld theory. In particular the Atiyah Singer index theorem has proved to play a crucial role in our understanding of how classical solutions of ® eld theories are embedded in the corresponding quantum ® eld theories and a knowledge of the asymptotics of the heat kernel on general backgrounds should form an essential part of the armoury of a quantum ® eld theorist.
The book under review, part of the Cambridge Lecture Notes in Physics, covers many aspects of index theorems and heat kernels for diOEerential operators, especially the Dirac operator, on general curved manifolds. In particular index theorems and heat kernels for manifolds with a boundary are discussed, where the former involves the spectral asymmetry g invariant and the latter is considered for more general boundary conditions than the usual Dirichlet or Neumann. The development generally follows a rather formal mathematical approach although for calculations it is reduced to a more conventional theoretical physics style with plenty of explicit indices. In places, such as the treatment of spin structures on p. 10, it would be pretty heavy going for those without a good mathematical training. On the other hand some topics such as asymptotic expansions of Bessel functions might seem rather specialized for this kind of monograph. Generally the book is close to the original sources as well as containing material from the author's recent research. Nevertheless for those unafraid of the language of topology this book oOEers a useful compendium of results on geometrical aspects of diOEerential operators which will be valuable in many physical applications. Turbulence is often referred to as being the unsolved problem of classical physics. Yet, paradoxically, its resolution may well be a matter of modern physics, since its mathematical structure (in Fourier wavenumber space) is like that of quantum ® eld theory. From a fundamental point of view, the basic turbulence problem is that a statistical formulation takes the form of an open hierarchy, with the equation for the n -order moment containing the n+ 1-order moment, and so on. In this respect it resembles the BBGKY hierarchy of statistical physics, and arises in a similar way, with inter-mode coupling having an analogous eOEect to molecular interactions in a non-ideal gas. More recently, with the development of direct numerical simulations of the Navier± Stokes equations (which govern incompressible¯uid motion), the basic problem arises in a new form as the need to reduce the number of degrees of freedom which must be explicitly simulated. Again, in this respect, there is some similarity to problems in microscopic computational physics, such as QCD and critical phenomena.
It is aspects such as this which increasingly attract the interest of phyicists; but it must be borne in mind that nearly all research in turbulence is carried out in the context of its applications by¯uid dynamicists, who are mostly either engineers or mathematicians, with at best only a sprinkling of physicists. This leads to a culture which diOEers quite a lot from that in other areas of physics and this has to be borne in mind when reviewing any published work in this subject area. In particular, we should note that the authors of the present book are mathematicians who are not only very much at the most mathematical end of the spectrum but in addition make few concessions to readers who are not themselves mathematicians. We shall return to this aspect of presentation later, but ® rst let us consider the content of the book.
Nowadays the the most important characteristic of turbulence is seen to be the large number of scales involved. This perception is a consequence of the growth in the size and speed of computers to the extent that direct numerical simulation is now an important research tool. However, as the present authors comment, although diOEerent scales may have very diOEerent physical characteristics, in a simulation they are all computed using the same numerical scheme; and that this can be wasteful of computer resources. To get round this, they propose multilevel methods, by which they mean that various scales should be treated diOEerently, according to their physical characteristics. In passing, the present reviewer feels that the nomenclature is unhelpful and wonders if there is a better alternative: multiscale methods, perhaps?
The basic idea can be illustrated by a two-level method. The velocity ® eld in Fourier wavenumber space is ® rst ® ltered into low-and high-frequency parts, corresponding to the large and small scales, respectively. Decomposition of the Navier± Stokes equations then leads to coupled evolution equations for the two ® elds. From the computational point of view, the principle operation is to step the discretized equations forward in time. Thus to treat the small-scale part as being fully evolved on the time-scales of the large-scale parts, justi® es the neglect of the time variation of the small scales over (for example) one time step, thus reducing computational eOEort. Such approximations are referred to as quasi-static and are analogous to Markovian approximations in statistical physics.
The extension to multilevel methods requires decomposition of the velocity ® eld into several band-® ltered ® elds, with a corresponding set of coupled evolution equations being derived from the Navier± Stokes equations. The idea of dynamical multilevel methods then arises because it is recognized that the approximations made for the evolution of the small scales will lead to errors in the predicted evolution of the large scales. This is countered by an adaptive strategy, which is based on a very full and careful analysis of the relative importance of the various interaction terms, the errors involved and their eOEect on the stability of the numerical scheme.
These topics form the heart of the book, and are treated in Chapters 6± 9, beginning with a discussion of ® ltering operations and ending with the full algorithm in Chapter 9. The analysis throughout is oriented towards two applications: isotropic, homogeneous turbulence (in both two and three dimensions) and channel¯ow in which one direction is inhomogeneous. In Chapter 10, the authors compare their results using dynamic multilevel methods to those obtained from more conventional simulations and it has to be said that the results are convincing. Indeed, it seems reasonable to conclude that this approach, perhaps combined with developments in large-eddy simulation and renormalization group methods (which embody similar ideas), oOEers a most promising way forward for turbulence research. However, it also seems a pity that the authors dismiss the latter topic with a single paragraph which is positively misleading. A more balanced view of the renormalization group applied to turbulence may be found in existing review articles (Eyink, 1994, Phys. Fluids, 6, 3063; and McComb, 1995, Rep. Prog. Phys., 58 , 1117 ) .
The earlier chapters of the book provide surveys of material which may easily be found elsewhere but is here presented in mathematician' s jargon, largely unsoftened by discussion, so that it is di cult to see what its value is. Indeed the value of the book as a whole would have been much greater if it had been written more according to the conventions of engineering science or physics, rather than those of pure mathematics. Nevertheless, the book is commendably well produced with few if any errors and should certainly be read by those engaged on fundamental research in turbulence simulation. Fractals, scaling and non-equilibrium behaviour are of great current interest and have a wide range of potentially important applications. The whole ® eld is developing rapidly and it is a good time to have a broad overview and critical assessment. Unfortunately, this book is unlikely to ® ll that need. The author notes in his preface that his original plan for a single volume has expanded and that this substantial text is now the ® rst volume of a series of three. It concentrates on pattern formation and growth-related aspects. Even so, there is an extensive reference list, over 1350 entries, some of which are discussed in great detail. However, the presentation is rather in the nature of a list, setting out what is in each piece of work and how one paper follows from another. In the absence of a clear overall conceptual framework and critical analysis the reader has little help in deciding what is important and how to judge the signi® cance and relevance of each contribution. In my view it is unlikely that the book will be useful to those with only a general interest in the topics and who would like to gain an appreciation of the ® eld, nor is it a suitable foundation for even a specialized postgraduate course. For those already actively working in the ® eld it could well provide an invaluable reference source. This is an elegant presentation of the core ideas, techniques and results of General Relativity, the level being aimed at ® nal year undergraduates. The geometric approach captures the essence of the theory of relativity: starting from the idea that physics must be the same for all observers (or all freely moving observers, in the special theory), Einstein constructed a theory based entirely on objects that werè absolute' in the sense of being de® nable without reference to any particular observer or coordinate system. Einstein himself did not have the mathematical tools to present the theory explicitly in this way; instead early presentations were in terms of a general coordinate system, with care being taken to make no reference to which particular coordinate system was being used. Now, however, one can use a geometric framework to present the main structure of the theory without reference to any coordinate system at all, using only absolute objects de® ned in terms of space± time itself. Ludvigsen's book, like several other texts in the last few years, adopts such an approach. The arguments are cleanly presented, without excessive verbiage, and there are many mathematical results (such as the properties of the energy momentum tensor and the Raychaudhuri equation) whose derivation is particularly elegant. As is inevitable in a short pedagogic work like this, the later sections on astrophysical and cosmological applications are very brief, but they serve as a reasonable introduction. The book requires little prior knowledge, but it does require considerable sophistication. Concepts such as the abstract index notation and smooth structures are more often found only in advanced texts, and the manipulations involved in duality calculations would tax the abilities of British undergraduates with only two years university experience behind them. It would, however, be ideal as a`conversion' text for students moving into the area later in a research career. Apart from the introduction of a few token women, there is little or no sensitivity to the use of inclusive language. It is well known that when a ferromagnet is cooled through the Curie point from its paramagnetic state, it acquires à spontaneous' magnetic moment, but how does it decide in which direction to point? There may be several`easy' directions, but there is no obvious reason why a particular one should be chosen and, conventionally the choice is believed to be quite random, with diOEerent parts of the specimen forming`domains'. However, if we treat such a system as being in a pure quantum state, this will actually be in a linear combination of all the possible orientations and a particular one will become actualized only when à measurement' is made.
What constitutes a measurement, and how this causes the system to`collapse' into a particular state, remains one of the unresolved questions of quantum physics. In the case of microscopic systems such as atoms, there is overwhelming evidence that such delocalized states exist and that collapse in some sense really happens. However, for a macroscopic object, like a magnetic moment, the original coherent' state is normally extremely short lived and direct evidence for its existence is (or was) lacking. This led to the suggestion that there may be an unknown law of nature prohibiting the formation of such states in the case of macroscopic objects, and the idea that an understanding of this might lead to a resolution of the quantum measurement problem. On the other hand, if there were to be direct evidence for the delocalization of a macroscopic object, this hypothesis would be refuted.
Much of the theoretical and experimental work in this ® eld has been centred on the behaviour of superconducting devices (SQUIDS), but the book by Chudnovsky and Tejada concentrates on the case of magnetic moments. It contains a thorough discussion of the state of play in both the theoretical and experimental areas of this ® eld. It has been understood for some time that one feature obscuring the observation of macroscopic coherence is the eOEect of interactions between the system and its environment; much of the theoretical work has concentrated on a detailed analysis of this, aimed at identifying systems where such quantum eOEects could be observable. This has required the deployment of a wide panoply of advanced techniques, which are exhaustively set out in this book. The reader has to grapple with concepts such as`instantons' and`imaginary time' in order to follow the derivations in detail. However, many of the results can be expressed relatively simply and considerable understanding can be acquired even when the more technical parts are skipped over.
The upshot of this analysis is that the direct observation of a macroscopic coherence state may well be beyond our current technology, but that quantum mechanical tunnelling transitions between two localized states are observable. A number of systems have been modelled theoretically in this way. Typically a transition rate is measured as a function of temperature and found to remain ® nite at low temperatures where quantum tunnelling dominates over thermal hopping. There was little evidence for this in some earlier measurements on small particles of iron oxide, but this is consistent with the particle size and temperature range used in these experiments. However, recent measurements on small particles of CoFe 2 O 4 have been analysed in this way and found to agree well with theory. A wide range of other systems have been similarly studied, as have thin ® lms where the quantum contribution to the magnetic relaxation is particularly clear.
Of particular interest are experiments on particles of ferritin. Resonance experiments on these have been interpreted as evidence for transitions between a pair of delocalized states, which would mean that actual macroscopic quantum coherence may have been directly observed. However, these results have been criticised and it is still too early to draw such a conclusion.
The general physicist looking for a clear succinct account of the main results in this ® eld, and of the state of play of the interaction between theory and experiment will ® nd it in this book if he is prepared to skip the more technical sections. On the other hand, the specialist reader who wants to study the subject in depth will ® nd most of what (s)he needs here as well as a wide range of references to the more specialist literature. Magneto-optics is a topic that has been around for a very long time. Indeed, the subject can trace its beginning to Faraday who found that the plane of polarization of light was rotated when it is transmitted, through glass, parallel to an applied magnetic ® eld. Like many things in the 19th century this curiosity was noted and safely ® led into the panorama of scienti® c achievements but it is safe to say that it is only in the last two or three decades that magnetooptics have become the huge globally important topic of research that it is today. It now has many possible applications but as usual the di culty of implementation of them centres around the production and availability of suitable materials. It is very important, therefore, to know what can and cannot be done and to gain a deep appreciation of what has really happened to the production of magneto-optic materials in the last twenty years or so. For this reason alone, the appearance of this book is extremely welcome and it was with great anticipation that I began to delve into it for information. Of course, it is possible to get a view of magneto-optical materials just from archival sources but there is nothing like a good book for bringing everything to life and for sorting out the triumphs and relative failures.
The book itself is by Russian scientists who are well known for their contributions to magneto-optics, so it is not a surprise to see this book emerging from the General Physics Institute where they work. It is very well written and the lead author Professor Zvezdin is an authority who has made many lasting contributions. It is a pleasure to see that the authors have made a very strong attempt to highlight the basic physics and to make sure that all known magneto-optic materials are included, without falling into the trap of simply cataloguing either the events in the ® eld, or the data. On this count the book still contains some very strong information without losing its attractive style.
Magneto-optics is a very important area of physics because it is one that promises a large number of everyday applications. It is quite likely that the new millennium will herald a new range of magneto-optic compact discs, for example, but in any case magneto-optic materials are going to be the heartbeat of many optical signal processing devices which will ® nd their way into the home. Discs and tapes are magnetic applications that are so common place that they do not need even a brief explanation here but there are many sophisticated uses for magneto-optics in optical communication systems as well. All of these are dealt with in this book and the later discussions are underpinned by very nice and succinct chapters on the fundamental physics. Some reference to nonlinear optic eOEects is made but it is quickly left behind in favour of guiding and re¯ection applications in linear systems. Although the basic physics and waveguiding is explained in a self-contained way, whenever a substantial point arises enough detail of the principles is still given to understand why the materials have been developed in the way that they have.
I would like to recommend this book to anybody who is setting out in this ® eld and to any practitioner who will appreciate so much valuable material being collected into one volume. The authors have worked very hard on this and I think the ® eld should be grateful to them. It is not appropriate to go step-by-step through the contents of the book so it is enough to say that it is divided into three distinct parts: namely physics, magneto-optic materials and applied magneto-optics. Materials are referred to throughout these sections, however, so in that sense the divisions are not mutually exclusive. This is a well-produced text that is nicely printed and is a credit not only to the authors but to the UK Institute of Physics Publishing Division. Its place on the bookshelf of every practitioner in the ® eld should be guaranteed by a quality production created by attractive writing coming out of a great Russian school of scientists. Gerhard Herzberg, Nobel Prize winner and founding father of high resolution molecular spectroscopy, died in March.
Herzberg left a legacy of books on molecular spectroscopy which are so monumental that they have remained unchallenged for half a century. There is still no book which addresses the volume or range of modern experimental spectroscopyÐ in this context`modern' means anything with a laser! This book, published before Herzberg died and dedicated to him, represents a serious attempt to deal with modern spectroscopic theory, which has changed almost beyond recognition in half a century. The one area of mathematics in which chemists usually receive better training than physicists is in the group theory of solid objects. Armed with a good knowledge of group theory it is possible to determine many things about the spectrum of a molecule without resorting to detailed computations. Traditionally, molecular spectroscopy has lent heavily on point groups and equilibrium structures for symmetry analysis. In this approach the group representation is built from rotation and re¯ection operations of the point group applied to the equilibrium structure of the molecule.
Bunker in the 1979, ® rst edition of Molecular Symmetry and Spectroscopy presented for the ® rst time a comprehensive treatment of an alternative approach to symmetry analysis based on permutation theory. His molecular symmetry group (or complete nuclear permutation inversion group) is built upon permuting identical nuclei plus inversion of the molecule.
Thankfully, the two approaches give the same answers for most problems. The use of permutation theory, based directly as it is on the quantum mechanical properties of identical particles, represents a much more fundamental approach to the problem. Furthermore, the molecular symmetry group can be applied to systems with signi® cant non-rigidity and multiple minima. The classic case of inversion tunnelling in the ammonia molecule is a good example.
Permutation symmetry has now been widely accepted by chemists in general (it is also widely used for electronic structure problems) and by spectroscopists in particular. Indeed there is now a ® rmly established discipline called combinational chemistry which elucidates possible molecular structures for which use of permutations is an essential part of the armoury.
The second edition of Molecular Symmetry and Spectroscopy has doubled the number of authors and nearly doubled in length. It still gives a comprehensive treatment of the molecular symmetry group; it also gives a much more comprehensive coverage of the theory of molecular spectroscopy dealing with such topics as deriving nuclear motion Hamiltonians and Van der Waals clusters. The book is a gold mine of information. I particularly like the historical nuggets which are appended to each chapter and the clear discussion of nuclear spin statistics for polyatomic systems.
The book is published by the not-for-pro® t National Research Council of Canada and, something I ® nd myself saying rarely about the world of publishing, is excellent value at $65 (Canadian in Canada, US elsewhere). You can ® nd it at http: // www.cisti.nrc.ca / cisti / journals / 41653 / 41653.html.
Molecular Symmetry and Spectroscopy is a research level book, or as the preface puts it, is`aimed at the serious student of molecular spectroscopy' . However serious students will learn to treasure it; my copy is already becoming well-thumbed. Those fortunate enough to live or work near major museums can enjoy the pleasures of frequent brief visits, perhaps focusing on roman coins on one occasion and impressionist art on another. Molecules at an Exhibition is structured for such visitors; one can look through a whole`gallery' or concentrate on a single exhibit because each exhibit is complete in itself although related by theme to the other exhibits nearby. On the other hand it is quite possible to read systematically through all thè galleries' to develop an overview of the roÃ le that Chemistry plays in our lives at the close of the twentieth century.
Readers who recall John Emsley's`Molecule of the Month' column in The Independent will be familiar with his approach. Although some of those articles have provided an important basis for several of the`portraits' here, this book is not simply a selection of his previously published articles. Those which have appeared before have been revised and others have been written specially. A typical portrait includes a brief history of the moleculeÐ perhaps with a sketch of the discoverersÐ and, often, a commentary on its social or political signi® cance, e.g. nicotine and DDT.
As a rule, we are also given a view of that molecule' s prospects: how might the production of cocaine be inhibited, and could ethanol from plants provide su cient quantities of fuel to support Western living standards? In amongst all this one ® nds a great deal of hard factual information, sometimes in tabular form, such as for drinking water standards on p. 174. Information is so skilfully and palatably presented that one can easily overlook how much one might learn and how much eOEort must have gone into its assembly.
In all there are nine`galleries' , each with a brie¯y stated theme. The book opens with`Nearly as nature intended ... some curious molecules in the food we eat' , includes Material progress and immaterial observations .. molecules that make life a little easier' and ends ominously with Elements from Hell ... molecules that are mainly malevolent'. Some articles, such as that on`Fuel fossilsÐ carbon', present a balanced assessment of the current situation, the implications and possible ways forward. Others take a more relaxed approach although, even then, one soon discovers a serious aspect, as in that which starts with a brief account of aphrodisiacs but leads to the threat to the rhinoceros population. Always I found them interesting, sometimes amusing and often thought-provoking, helping towards a more sanguine view of some of the scare stories that so often feature in the media.
Anyone who reads Contemporary Physics should have no di culty in appreciating the Chemistry in this book. To them it is very warmly recommended. But should one give a copy to a non-scientist? Yes, indeed! Although there is much scienti® c content, it is in the form of factual information, often important factual information, not an underpinning thread that must be followed all the way through. I am con® dent that an intelligent non-scientist would ® nd much of interest and bene® t in here. In recent decades, classical optics has been recreated by concentrating on the singularities of light. This is an unfamiliar but powerful perspective, giving new insight into old physics and leading to much new physics. Nye has achieved the de® nitive presentation, at exactly the right time, of the cluster of ideas associated with wave singularities.
Historically, the several levels of the physics of light were not revealed by studying singularities, but they might have been, and it is worthwhile, albeit fanciful, to imagine how such developments could have taken place.
In ray physicsÐ geometrical opticsÐ the singularities are caustics, that is generalized foci. Everyone has seen the dancing lines at the bottom of swimming-pools, formed by focused sunrays refracted by the wavy water, or the cusped focal line in a coOEee cup, formed by re¯ection at the inner surface of the cup, and the rainbow, where sunrays are directionally focused by raindrops. Now, these singularities are not only the brightest features of ® elds of rays, but also places where the breakdown of ray physics, and its replacement by waves, is most dramatic. This is because interference fringes are biggest near caustics. So, Newton could have seen supernumerary rainbows (fringes in the sky, with a spacing of several degrees), and been led to discover wave physics a century before Young.
In wave physics the singularities at ray caustics are smoothed away. But with waves comes a new physical ® eld, namely phase, and phase has its own singularities: dislocations , where the pattern of wavefronts is singular and the amplitude vanishes (threads of darkness). These were ® rst found not in light but in the oceans, as amphidromic points in the pattern of co-tidal lines. Now their study is an active branch of laser physics.
Dislocations are the singularities of scalar waves, but in the classical physics of light this too is an approximation, supplanted by the Fresnel± Maxwell description in terms of vector waves. The new concept thus introduced is polarization, and this too has its singularities, for example disclinations in the pattern of electric ® eld lines.
Nye does not choose to rewrite history in this way, but his approach is organized similarly, by scale, starting from geometrical optics and showing how diOEerent singularities are revealed by successive magni® cation. In Maxwell' s words:
The dimmed outlines of phenomenal things all merge into one another unless we put on the focusing-glass of theory and screw it up sometimes to one pitch of de® nition, and sometimes to another, so as to see down into diOEerent depths through the great millstone of the world He wisely avoids the alternative possibility of giving a treatment centred on mathematics. This would be based on the observation that all the optical phenomena he discusses can be viewed as singularities of mappings: for caustics, smooth gradient maps classi® ed as catastrophes (still the only substantial application of that theory); for dislocations, maps of complex scalars; for disclinations, maps of line ® elds. Although there are no theorems, there are many detailed calculations closely linked to physical phenomena, and the essence of the mathematics is presented very clearly. Particular emphasis is given to the persistence of the phenomena under perturbation, that is, their structural stability.
Nye' s level of explanation gives the physics of the mathematics and the natural philosophy of the physics. It combines theory, computer simulation, and beautiful experimental photographs of the phenomena studied. I had the privilege of participating in the physics Nye describes and so am potentially a highly critical reviewer. Yet I can ® nd nothing negative to say: the blend of mathematics and physics is perfectly judged, and the explanations cannot be improved upon.
My expectation is that Nye' s book will excite wide interest and admirationÐ not only among physicists and mathematicians (applied and pure) but also electrical engineers interested in the geometry of the ® elds they manipulate. There is also the possibility that notwithstanding its technical nature it will attract a cult following among more artistically-inclined people, because of the immediate visual appeal of the material. Nuclear Physics is a cursory review of the ® eld by the National Research Council, and has the portentious subtitle: The Core of Matter, the Fuel of Stars Ð so you just know it is going to be in favour. In just 205 pages, many of them diagrams, the book seeks to cover virtually all aspects of nuclear issues with reviews by a range of wellknown nuclear and particle physicists. It covers the Origins and Fundamentals (in one page), zooms through Recent Accomplishments, Intellectual Horizons, International Aspects and Educational Aspects and has ® nished with Societal Applications by p. 18. It then looks more closely at the nuclear building blocks and the nuclear structure (and, while just missing the latest Russian discoveries, lays the ground out simply and directly for the Island of the Superheavies.) In the next hundred pages we cover Quark± Gluon Plasmas and extreme matter densities, the Nuclear Universe, Symmetries and the Standard Model and the Weak Interaction, with a dense section also on accelerators, detectors, and computational methods, such as lattice calculations and more on relativistic heavy ions. The book concludes with a breathless tour of Nuclear Physics and Society, which in just 25 pages whizzes through Human Health, Diagnostics, Impact on Industry, Energy Production (with a page on the accelerator-driven reactor and half a page covering all of fusion, before plunging into nuclear non-proliferation (2 sides), Education in Nuclear Physics (2 sides), Teaching in Schools (2 sides) and Activities Addressing Underrepresentation of Women and Minorities (sadly, only half a page) before rounding oOEwith a survey of US Accelerators in an appendix.
It would be pretty easy to skip this book, with the thought that it cannot actually say anything useful. And one wonders at the editorial control which allows about a page on ocean currents and climate change (without making the usual connection to nuclear energy) and a page on the Mars Rover, both with nice pictures, yet truncates a discussion of the Standard Model so as to avoid any discussion whatsoever of heavy quarks. However, to skip this book might well be a mistake for those many of us who have neglected nuclear physics over the last few years. As the book says: Nuclear Physics addresses the nature of matter making up 99.9% of the mass of our everyday world. And as it does not say, nuclear physics may hold the key to our self-immolation or our salvation from global thermal runaway. So, to paraphrase Ho Chi Minh, while you are not interested in nuclear physics, nuclear physics is interested in you, and this book gives clues as to how wide a range of important issues are touched by it. In fact, my biggest gripe is the meagre set of references for further reading for those whose interest is triggered by some pertinent yet super® cial treatment. For example, in Nuclear Nonproliferation, there is room just for a tiny section on tomographic gamma imaging in safeguards with literally no discussion on the actual issue.
On closer reading, the advocacy mentioned above becomes more obvious. Nuclear Physics looks closely at CEBAF and RHIC, two US installations which will be thē agships for US nuclear physics, and which the Nuclear Science Advisory Committee identi® es as the`most promising new initiatives for decisively advancing the scienti® c frontiers of the ® eld' and while garnering support for this view by citing European adoption of`Long Range Plans' neglects to mention the likely superiority of CERN ' s LHC for the same physics which RHIC at least will target. Similarly, in the discussion of the accelerator-driven subcritical reactors, both for transmutation and energy production, Los Alamos and Brookhaven get picked out, with`a European group' getting barely a mention. We Europeans can hardly object to this of course: CERN personnel are responsible for bellicose Europe versus US titles demonstrating beyond any shadow of doubt how Europe won the particle physics war.
So what is this book for? One merely has to look for the text which is both bold and italic to see the bottom line: The discovery of how the chemical elements were made must surely rank as one of the great discoveries of science. How astonishing that the atoms of which we are made, and which we breath, eat and sleep on every day were formed deep in the interior of some star that grew old and died long before the Sun was born; how amazing that the iron in one's car or washing machine was created in an explosion of unimaginable force, as a stellar core became a ® reball and blasted debris into space at 36 million kilometres an hour! These facts are extraordinary, and the chain of reasoning by which we know them is remarkable too. In this textbook Bernard Pagel, one of the gurus of the ® eld, lays out the entire chain with care and precision.
After a summary of background material in nuclear physics and stellar evolution, the book plunges into a detailed account of nuclear interactions. An account of how astronomers determine the relative abundances of elements, and the results they have obtained, follows as Chapter 3. Chapters 4 and 5 describe cosmic nucleosynthesis and stellar evolution, respectively. After a chapter on the build-up of heavy elements by neutron capture, the book moves to galactic chemical evolution: the basic equations and models of galactic chemical evolution, the production of light elements by spallation in the interstellar medium, and the implications of these processes for observations of galaxies, great and small, nearby and very distant. A little out of place in the middle of all of this, there is a chapter on cosmochronology; the dating of objects by the determination of relative abundances.
Pagel writes with authority on who did what when, so the book gives a clear idea of the development of the subject. There are plenty of diagrams with data, so one can judge for oneself the role of observational uncertainty and the perfection with which theory explains the data. Moreover, there are careful discussions of the weaknesses of individual ways of determining quantities of interest.
Although the technical background on which the subject draws is extremely complex, the book aims to be largely self-contained and thus to be accessible to students who have little background in either astronomy or nuclear physics. While the summaries of essential theory seem well executed, with attention to the use of a systematic notation, they are very condensed and the physical content of equations could often be usefully teased out with more words. Consequently, I suspect that only a very brilliant student would be able to work his or her way through the book without having recourse to other texts. The book would provide a good basis for a graduate course that had courses on nuclear structure, stellar evolution and cosmology as prerequisites. There are problems at the end of every chapter.
Every signi® cant astronomy library should acquire a copy of this book, and every professional astronomer should know that it is there to help with any problem in chemical evolution that might arise. Most optoelectronic textbooks come with a familiar plot. They begin with a discussion of basic electromagnetism and light± matter interactions. Then follows, in varying order, discussions of waveguides, ® bres, nonlinear optics, maybe something on gratings and periodic structures, a substantial section on lasers (of all types) and perhaps a chapter on recent developments. This last is becoming almost de rigueur, for optical communications is one of the most fast moving ® elds in modern technologyÐ fuelled these days by the explosive growth in the world wide web. So who can argue with this well-tried textbook recipe? It has trained the current generations of engineers and physicists, and is increasingly duplicatedÐ with of course individual twists and emphasesÐ in book after book. The problem is that previous textbooks have been written essentially by scientists with a physics and device bias, for whom systems design is either of little interest, or in a few cases, an anathema. As a result, the needs of the systems engineers have been somewhat neglected, even though the current explosive growth in world-wide optical communications is largely due to the huge success of their systems. There is a consequent shortage of scientists who understand how to design and construct optical systems, from the bottom up, with a good grasp of information theory, sources of noise, network architecturesÐ and of course, the limitations and capabilities of state-of-the-art devices. Kazovsky, Benedetto and Willner are perfect examples of this new breed of telecommunications engineer, and they have written an excellent and much-needed textbook on the integration of optoelectronics into fully designed ® bre communications systems.
The book is pleasingly structured, starting with a short though adequate summary of relevant optoelectronic components, then discussing the basics of optical communications in a chapter entitled`The Communications Toolbox'. Equipped with these tools, we set out on a tour of the main types of communications systemsÐ binary, coherent, soliton and multi-channel. Quite properly, considering their huge impact on communications, optical ampli® ers are given a chapter to themselves and all the main types of ampli® er described.
This excellent and comprehensive book is a very welcome addition to the canon, the material is at a uniformly high level and clearly written. The only drawback is its priceÐ at GBP 71.00 it will be beyond the means of most graduate students. The subject of nanocrystals is an area growing rapidly as fundamental physics and technological advancements go hand in hand. The ® eld involves many types of lowdimensional systems usually constructed from semiconductors. According to the author, nanocrystals occupy an intermediate position somewhere between atoms and a complete crystal. They range from those systems that consist of a few atoms to those comprising hundreds of thousands of atoms which may be thought of as large molecules. Thus, techniques developed in molecular and atomic spectroscopy are also of considerable use for the study of nanocrystals; indeed, optical properties form a major part of this activity. The author begins by reviewing the underlying quantum mechanics of electron states in crystals and modi® cations that need to be introduced into the theory for ideal nanocrystals. The eOEects of con® nement are fundamental to this study. This is followed by a chapter describing growth methods in inorganic matrices, in organic solutions, in polymers, and on crystal substrates. The nature of the broadened absorption and emission spectra is also described and discussed in full. Optical processes involving the creation and annihilation of electron± hole pairs and their relation to the line widths are then considered. Resonant optical nonlinearities and many body eOEects are also discussed at length followed by interface eOEects. The intrinsic properties of a wide range of nanocrystals are reviewed in detail including the so-called photonic crystal.
The aim of the book is to provide both an introduction and overview of this very new and dynamic ® eld suitable for a wide audience from students to senior scientists and engineers. In my opinion, the author is very successful in these aims. The book is very well organized and the text is presented in a most attractive style interspersed with many ® gures illustrating the modelling processes, giving numerous graphs of the data and details of the experimental techniques used.
PROFESSOR C. A. BATES (University of Nottingham)

Representations an d Invarian ts of the C lassical Groups. In the series En cyclopedia of Mathem atics an d its Application s: 68
By R. GOODMAN and N. R. WALLACH 1998, £65.00, $100.00 (hbk), pp. xvi + 685. Cambridge University Press. ISBN 0 521 58273 3. Scope: monograph. Level: postgraduate and specialist.
A fundamental and unifying notion in both Mathematics and Physics is that of sym metry. Groups are the mathematical abstraction of sets of symmetries and come in many diOEerent¯avours: contrast the symmetries of an equilateral triangle (there are exactly six of them) with the in® nite family of distance-preserving transformations of space (translations, rotations and re¯ections). However, the classical groups are distinguished by their ubiquity: these are the groups of invertible matrices (transformations of ndimensional space that preserve addition and scaling) and their subgroups that preserve a quadratic formÐ either an inner product or a symplectic structure.
A basic observation is that these groups can be realized as groups of matrices in many diOEerent ways: such a realization is a representation of the abstract group. Among the representations of a group, a special role is played by the irreducible ones: representations that contain no smaller sub-representations. Just as prime numbers are the building blocks of Number Theory, so irreducible representations are the building blocks of the theory of representations: it is a basic theorem that any (® nitedimensional) representation of a classical group breaks up into a number of irreducibles. The main questions of the theory revolve around this phenomenon: classify the irreducible representations of a given group; explain how a particular representation (perhaps a space of polynomials or a tensor product of irreducibles) breaks up; explain how a given irreducible breaks up when considered as a representation of a smaller group (that is, give branching rules ).
These are not just problems to keep mathematicians amused: the whole phenomenology of particle physics reduces to such questions. Roughly speaking, the diOEerent types of particles (photons, electrons and so on) are identi® ed with irreducible representations of an underlying symmetry group. Now understanding which particles are produced in an interaction amounts to examining the decomposition of the tensor product of these representations into new irreducibles, that is, new particles. Again, particle production by symmetry breaking mechanisms corresponds to understanding branching rules.
The book under review is an encyclopaedic account of these matters and much more. Starting from scratch, the authors develop the ® nite-dimensional representation theory of the classical groups and cover the classi® cation of the irreducible representations (highest weight theory), the decomposition of tensor products (invariant theory), branching rules and geometric realizations of representations as spaces of functions on symmetric spaces. A variety of techniques, both classical and modern, algebraic and analytic, are introduced so that, for example, Weyl' s celebrated character formula is proved by both cohomological methods and by the original integral formula approach. Along the way, we see many applications and a wealth of examples: the fascinating duality between representations of the (® nite) symmetric groups and those of the general linear matrix groups which involves the combinatorial intricacies of Young diagrams; Howe's theory of dual pairs of reductive groups; a representation theoretic approach to the Yang± Baxter equations and the Jones polynomial of knot theory; a detailed discussion of the classical symmetric spaces.
The text concentrates on the classical groups which ensures a pleasantly down-to-earth¯avour and the possibility of proving many structural properties by inspection. However, the authors have been careful to make their account valid for the much wider classes of complex reductive Lie groups and algebraic groups. Thus the book can be read as an introduction to this deeper theory with an emphasis on the classical examples. The exposition is wonderfully clear but is at quite an advanced level: the language and methods of algebraic geometry (summarized in an appendix) are used from the outset. This reviewer found the resulting cocktail of powerful abstract methods and concrete examples highly instructive.
In short, this excellent book serves equally as a textbook and a reference work and should be in the library of every professional, apprentice or amateur representation theorist.
DR F. BURSTALL (University of Bath )
The Natural Philosophy of Jam es C lerk Maxwell By P. M. HARMAN 1998, $59.95 (hbk), pp. xiv+ 232. Cambridge University Press. ISBN 0 521 56102 7. Scope: monograph. Level: nonspecialist.
Maxwell was undoubtedly one of the world's greatest physicists. Especially in the development of the ® eld concept his contributions rank in importance alongside those of Newton and Einstein. However, as Peter Harman notes, historians of physics have traditionally concentrated on his work in electromagnetic ® eld theory and the kinetic theory of gases, the other subject to which he made outstanding contributions. This has had the consequence that`there has been little attempt to consider Maxwell' s physics as a whole intellectual endeavour' .
The Natural Philosophy of James Clerk Maxwell ® lls the gap excellently. Harman has already performed a ® ne service to scholarship through his editing of Maxwell' s scienti® c letters and papers (two out of the three planned volumes have so far appeared), and this book has given him the opportunity to complement that editorial work. This was certainly a book that called out to be written, since Maxwell was widely read, a very intelligent thinker, and a clear and engaging writer. It is a real pleasure to read his witty comments and marvel at the delicate skill of his theorizing. His natural philosophy is both interesting and distinctive.
Harman has chosen, deliberately I presume, to let Maxwell speak almost exclusively through his own words. Apart from the ® rst chapter,`Maxwell and the history of physics', and the second chapter, on formative in¯uences (the scienti® c culture of Edinburgh and the style of doing theoretical physics in Cambridge), the bulk of the book essentially consists of quotations, mostly from Maxwell' s papers and correspondence though a few are from other authors, and accompanying text that serves mainly to identify the locus and occasion of a quotation and to give a bare minimum of background information about the topic considered. There is little exegesis. Coherence and structure are nevertheless achieved, in a book that covers a wide range, by concentration on the fundamental themes and a broadly chronological arrangement. The book succeeds above all because Maxwell had so many interesting things to say and Harman selected from them judiciously.
However, for myself I would have preferred Harman to be less self-eOEacing. The book is`intended to be accessible to readers without specialized knowledge bearing on its subject'. But we are hardly ever told the signi® cance of Maxwell' s many insights or in what respects he outshone his contemporaries. Occasional guidance in this respect would, I feel, have made the more technical chapters easier to read and increased their value. It is good to know when something momentous is happening. In particular, the historical perspective that Harman does provide through the book (and very interestingly in the second chapter) is invariably to Maxwell' s past and present, never to his future. We are told something about the earlier work and ideas that Maxwell drew on and developed and quite a lot about his contemporaries. But there is no comment on the subsequent success or failure of Maxwell' s work except for a solitary mention of a proposal that helped to stimulate the Michelson± Morley experiment. There is no evaluation of Maxwell' s achievements and no comments at all on quantum mechanics and the completely unsuspected di culties it created for him in his kinetic theory of gases. I ® nd this a bit surprising, since Harman himself says in the introduction:`The revolution in the structure of physical theory which has occurred in this century has reinforced rather than quali® ed Maxwell' s unique status'.
It would have been nice to be told why. But this is still a most welcome book, and it will give much pleasure to those that delight in the di cult artistry of fathoming nature. Having been accepted as one of the most reliable and objective methods of testing optical systems, the OTF continues to challenge the minds of optical scholars and engineers as new applications are found and the old ones are re® ned.
The author's mastery of the subject and the ease of delivery may disguise the complex nature of this topic to the uninitiated. In 12 chapters and 500 pages even the most obscure angles of the subject are explored.
De® nition and all the mathematical treatment of the subject appear in earlier chapters as a prelude to more practical aspects of testing later in the book. Test procedures are described with the kind of detail that one may only ® nd in the users manual of commercially supplied MTF benches. Design consideration of all parts of the MTF bench from object generator to oOE-axis collimating mirror and image analyser are covered in great depth in Chapter 4. With the exposition of various test con® gurations (in® nity± ® nite, ® nite± ® nite, afocal etc.) in the same chapter the reader begins to appreciate the intricacies of test arrangements on a practical level.
The book is interspersed with plenty of tips for those who design optical systems as well as test engineers. Ways of reducing MTF sensitivity to focus shift in Chapter 5 is a good example. Also the section on the test of afocal sights contains a considerable amount of educational footnotes on telescope design which is an unexpected bonus to the reader. This kind of secondary but important information is found right the way through to the appendix sections. For example in Appendix D a full description of many types of test lenses are provided with prescription, performance data and test conditions. This is the kind of information that one would normally accumulate over many years of involvement in MTF testing.
The measurement for MTF of electro-optical imaging devices (as opposed to the optical systems that feed into them) has been given a chapter of its own. After an interesting classi® cation based on whether the input, output or both are electronic signals (as opposed to actual images), the test methods are described for such things as image intensi® er tubes, TV tubes and cameras and thermal detectors. Again this is the kind of information for which you would normally need to consult the manufacturers, but in Chapter 7 the author shows you what MTF for such devices mean and how to test them in your own laboratory. This chapter concludes with the description of a delightful design for testing helmet-mounted displays (a colour photograph of this system appears opposite the title page ).
In a discussion on how the OTF / MTF relates to the way a system performs, a good deal of material appears on range characterization of (thermal) sighting systems. Johnson's criteria for detection, recognition and identi® cation of targets, as well as MRTD measurements, could make Chapter 9 a frequent source of reference for test and systems engineers.
The veiling glare that directly aOEects the measured MTF of a lens appears in a chapter of its own. Its de® nition and methods of measurement for visual and thermal sight are explained.
As if to emphasize the versatility of the OTF / MTF bench, the ® nal chapter describes how other performance data, such as spherical aberration, astigmatism, ® eld curvature etc., could also be found with relatively simple and inexpensive modi® cations to the bench or the software. The author is a well-known writer for Optics & Photonics News published by the Optical Society of America. His ability to communicate educational material in an attractive and readable manner is, as a consequence, well known to us through his special articles on all kinds of topics in optics. Nothing seems to be beyond his reach and he has made a real speciality of trying to communicate the bottom line in a large number of areas. It is not, therefore, a great surprise to ® nd a marvellous textbook emerging from his pen, so to speak.
Magneto-optics recording is a very important area that is very closely connected to huge commercial pay-oOEs. This means that people interested in magneto-optics always have a very strong presence at magnetism conferences. The world is demanding better and better compact discs that have the capacity to provide recording densities in excess of 10 million bits per square centimetre so the area is receiving a massive amount of attention. It is always a relief to the instructor to be able to reach for an excellent textbook that will contain the answers to almost every question one can think of: questions that will propel the reader towards a real working relationship with design principles that rely upon magneto-optics.
This very big text answers all of these questions. It is comprehensive but it contains a large number of problems that underpin the teaching process. It is the basis of lectures presented by the author given over a ® ve year period during the nineties. As the author correctly points out, magnetic or optical data storage are multidisciplinary subjects, yet it is necessary to give all graduate students in physical sciences sensible and su cient access to this topic or set of topics. Anyone contemplating giving a set of lectures on this area is well aware of this apparently daunting problem. They will always seek out the generic material so that students from diOEerent ® elds can immediately see how to link their knowledge into the subject and gain immediate bene® t.
This book does this but at the same time avoids being just a catalogue. To paraphrase the great Rutherford:`there is science and there is little more than stamp collecting' . Another excellent point is that because the area embraces rather complex systems, the multidisciplinary aspect must be in the forefront of any explanations. I do not claim, other than the para-quotation by Rutherford, that these are my own perfectly expressed views. They are clearly stated by the author and the interest for me was to see to what extent he has been able to ful® l his own dreams on how to present this topic.
I have to report that the author has written an excellent text full of detail and he has followed the guidelines of his own philosophy extremely well. It is a pleasure to go through the book chapter by chapter. It is equally a pleasure to dip into it if one's knowledge of the whole area permits this. Nothing is left out. Nothing is left to chance and my only criticisms are that it is rather long and I do have some concerns with the problems at the end of the chapters. It is not that the problems are not excellent. Indeed they are, and many of them are very thought provoking. In these days of busy instructors and the very real need to reinforce the student experience at every step I was disappointed not to ® nd the solutions to the problems. I would heartily recommend the author to produce a teacher's manual to go with this text. Having said this I would not like to give any impression that this is other than an excellent book, which instructors around the world will appreciate for many years to come. On those occasions when the magic has gone from one's mathematics one can do little better than to pick up, and read, one of John Conway' s entertaining and provocative books. Fun can be had from the simplest of ideas even if such simplicity is, one guesses, the result of a costly journey on the author's part and the reader cannot expect an entirely free ride. The chapters which make up`The Sensual (Quadratic ) Form' (just in case the mind wanders!) deal with an object familiar to any secondary school student, the entity ax 2 + 2bxy+ cy 2 , classically called a quadratic form. The trickiness of the discussion however stems from the fact that all constants and variables are to be integers. The topograph is built using the basis of a lattice. Now, an old problem in physics asks whether the shape of a drum determines its sound? There is a relation between the frequencies and geometrical invariants appearing as coecients in a special expansion which has an analogue for lattices. It turns out that one cannot always distinguish lattices by listening to them.
Which brings us to feeling and a jump from two to higher dimensions. The distinction between de® nite and inde® nite forms becomes important here. For de® nite forms lattices can be classi® ed according to the shapes of their Voronoi cells, of which there are just ® ve in three dimensions.
The penultimate chapter develops the Hasse ± Minkowski theory of arithmetic invariants over p-adic ® elds, which Conway calls fragrances.
As a parting shot the ideas developed in the four main chapters are applied to the proofs of some classical results in number theory.
Simplicity in mathematics is seldom easy and there is a fair degree of di culty here but the books conveys, quite apart from the fun, some of the depth of the connections between number theory and geometry, connections which really go back a very long way. Mathematica has become an indispensable tool for everyone working with mathematics at an undergraduate or higher level. This is evidenced by the introduction of Mathematica as part of many undergraduate curricula in mathematics, physics and other subjects. The authors of this book have made a serious eOEort to provide an introductory text to serve the needs of highschool students and ® rst year undergraduates, writing in an informal style and paying particular attention to the structure of the mathematics curricula of such students.
Mathematica versions 3 and 4 are both covered and the diOEerences between the two are clearly indicated throughout the text. Additionally, the authors provide diOEerent instructions for a variety of platforms but emphasis is put on the Apple Macintosh and Microsoft Windows. However, what makes this text particularly attractive is its unusual clarity and the pedagogic exposition of the material. Expressive section headings, frequent revision boxes, cross-references and clearly labelled notes on advanced topics make this book an excellent textbook but also a useful reference. Commands are described in terms of both the two-dimensional input palettes available in versions 3 and 4 of Mathematica and their keyboard counterparts which are nicely presented in tables.
The authors strive to present Mathematica as a means of doing mathematics by a computer rather than a mere piece of ingenious software and they achieve this to a considerable degree. The reader is repeatedly encouraged to doubt and critically judge the output of the software by being guided through various examples, sometimes solved in two or even three diOEerent ways. Particular emphasis is put on those examples which incorporate some sort of programming, such as user-de® ned functions and command extensions, which not only help the user to considerably increase the capabilities of the software, but also lead to a deeper understanding of its structure.
The teaching experience of the authors has resulted in a text full of advice that can rarely be found in books on the subject. Hints on how to use Mathematica e ciently and how to avoid crashes are accompanied by instructions to help the reader ® nd out more about certain issues of interest. This usually means referring to the standard Mathematica Book by Stephen Wolfram, which is also available through Mathematica's Help Browser.
In short, this book is highly recommended to any student wishing to extend his or her mathematical ability by using a computer, but it should be kept in mind that computers can only do what we tell them to do and real mathematics is about what can be done and how it can be done rather than actually doing it. In that respect pencil and paper are indispensable! J. PAPADIMITRIOU (Imperial College, London) This book publishes in one volume a series of lectures presented annually in the memory of E. A. Milne. The list of speakers is impressive and a wide range of subjects has been covered over the years. These include the hunt for comets, the origin of carbon on Earth as well as more philosophical topics such as the nature of time and the vacuum. There are also lectures that focus primarily on mathematical subjects such as geometry and twistor theory. Mostly these are presented at a non-technical level and are aimed at a general scienti® c audience.
One of the main drawbacks of a volume of this type is that it cannot claim to be up to date, although many of the lectures do include an addendum. Its strength must therefore necessarily rest in its historical value. On the whole I would say that it succeeds in this and I found many of the lectures informative. In particular, it was interesting to see how much my own ® eld has developed over the past twenty years relative to the surveys presented here. It is also possible for the reader to get a sense of the status of ® elds that he or she may not be expert in, although this becomes more di cult for the earlier talks.
Overall, therefore, this book is an enjoyable and constructive read. This is a ® ne book, as one would expect from an author who has a Distinguished Service Citation from the American Association of Physics Teachers. The structure of the book is roughly as follows: the ® rst eight out of sixteen chapters lead us to the ideal quantum gas, via thermodynamics, entropy, the canonical probability distribution, the chemical potential and photons and phonons. The second half deals with somewhat more advanced topics: low temperature eOEects, phase equilibria, transport processes and a wide-ranging chapter on critical phenomena. Each chapter has a summary, further reading suggestions and problems. These are very useful; thus the further reading ideas are by no means con® ned to standard works.
I have one regret and that is that the author does not note the possibility of using the grand canonical ensemble. It saves a great deal of space and computation already in the discussion of the ideal gases, and broadens one's understanding of the ensemble concept. The standard results, when derived, as here, via the canonical ensemble, are harder to obtain, and then they are only approximate! The book is quite long, and some devices (such as this) to get at the results more expeditiously would probably be welcomed by potential readers. Of course it must be admitted that to explain the foundation of ensembles requires some extra time, but it may be worth it. There are other basic points, such as ergodic theory, which are not mentioned in this bookÐ rightly so in my view.
I would like to raise some additional points, which are, however, mere questions of taste. They cast no shadow on my view concerning the high quality of this book. I would have been tempted to include the Gibbs paradox, Maxwell' s demon and at least one generalization of the equipartition theorem, as deepening one's understanding. PROFESSOR P. T. LANDSBERG (University of Southampton)
